Performance and hormones were determined in eight middle-and nine long-distance runners after an increase in training volume (ITV, February 1989) or intensity (ITI, February 1990 
psychological symptoms and performance incompetence over weeks and months'3. It has to be differentiated from short-term overtraining (overreaching) and local muscular overstrain" 3. From a clinical and descriptive standpoint', the overtraining syndrome can be divided into hypothetical parasympathetic and sympathetic types which describe the clinical pattern not the pathophysiological basis. To examine the hypothesis of a neuroendocrine, autonomic nervous system, or hormonal impairment'-, we performed two prospective experimental training studies with the objective of producing an experimental overtraining syndrome in experienced middle-and long-distance runners.
Subjects and methods
Anthropometric data are summarized in Table 1 . The middle-and long-distance runners were acquainted with laboratory examination procedures. Eight athletes participated in the LIV study in February 1989, nine in the ITI study in February 1990, and seven in both studies. All athletes were informed about procedure and objective. They granted informed consent in writing and received DM1000 for participation in each study. Ethics Commission approval was obtained.
Diet
The athletes maintained their customary diet without alteration. No dietary concentrates, mineral beverages, vitamins or any medication were permitted (Table 2) .
Protocol
Training volume and content were documented during the prephase of 1 week (Table 3) . A 3-week training phase followed. During the ITV study, training was performed exclusively (96-98%) as long-distance runs at mean(s.d.) 67(8)% of maximum capacity.
Training volume increased by one-third per week, Table 1 . Anthropometric data, oxygen uptake capacity (Vo2m,), and running experience of the athletes participating in the increase in volume study (liV) and the increase in intensity study (ITI) at baseline (1) and final examination (2) (Figure 1) .
During the prephase of 1 week and the prospective training phase of 3 weeks, and for an additional week thereafter, the athletes collected total nocturnal urine on two nights week-' in collection flasks prepared with hydrochloric acid (having an approximate pH value of 2) for determination of nocturnal catecholamine excretion', which we took as a parameter of intrinsic sympathetic activity. Collection was made during a night after intensive training and a night after a day of relaxation, and the mean was taken. The 24-h urine was collected on another day each week to determine cortisol elimination.
Assessment and statistics
Means and standard deviations were calculated for performance-related data. The statistical examination within a group was made using the sign test of Dixon and Mood, which is particularly critical for small random samples -if the data of two subjects (in a random sample of eight or nine subjects) differed in sign from 6-7 subjects (difference between baseline and final values), this only meant a probability of error of P < 0.10 (not significant); if one subject differs, P < 0.05 (significant); concordance of all eight or nine subjects resulted in P < 0.01. The Wilcoxon, Mann-Whitney U test7 was used between the groups. Median values, 50% confidence range and overall range of data were determined for hormonal parameters and catecholamines. Statistical comparisons were performed using the sign test and the U test.
Results
Anthropometric data are listed in Table 1 and performance behaviour is shown in Figure 2 . Slight weight loss was observed during the ITI study. The running velocity at the 4mmol lactate level did not change in the ITV study and improved in the ITI study. The total running distance in the incremental test of six of the eight athletes decreased during the ITV study and increased in seven of nine athletes during the ITT study. Heart rate is given in Figure 3 and symptom index in Figure 1 . The morning resting heart rate remained constant in both studies -it decreased before exercise, at identical exercise levels, and during maximum exercise in the ITV study. Symptoms such as exhaustion, fatigue, burn-out and muscle stiffness, were significantly increased during the FIV study compared with the ff1 study. Time (weeks) Figure 2 . Running speed at b, 2 and c, 4 mmol lactate level increased significantly during the increase in intensity study (ITI) but not during the increase in volume study (TV). The total running distance decreased in six of eight athletes during 1TV and increased in seven of nine athletes during ITI. a ITI, P < 0.10; 1TV, P < 0.10; b ITI, P < 0.01; 1TV not significant; c ITI, P < 0.01; 1TV, P < 0.05 sponses, with a decrease in the ITI study. The levels before exercise showed the same trend. Nocturnal urinary catecholamine elimination is given in Table 5 . Catecholamine elimination remained comparatively constant in both studies. Immediately after completion of the ITV study, decreases of 47% (dopamine), 53% (noradrenaline) and 48% (adrenaline) were observed. The decreases following the ITI study were only between 9 and 26%.
Hormonal parameters are displayed in Tables 6 to 8 . The serum levels of cortisol and aldosterone decreased slightly at rest and following maximum exercise in the ITV study, and remained constant following ITI. The exercise-induced prolactin response was also slightly lower in the ITI study. There were no essential differences in dependency on ITV or ITI in the other hormonal parameters (free testosterone, insulin C-peptide, STH, FSH, LH, TSH, Figure 3 . Heart rate a on waking remained constant during the increase in volume (0) and intensity (O) studies. Heart rate b, before ergometric exercise, c at identical exercise load (v = 16kmh-1) and d, during maximum treadmill running decreased significantly during the increase in volume study (P < 0.05) and remained constant during the increase in intensity study T3 and T4) at the same time of measurement. The resting values of cortisol and aldosterone were already different between the two studies (P < 0.05-0.01), which we consider evidence of the inter-assay variability. The maximum levels also differed between the two studies (P < 0.05) for which study-specific effects and the differing baseline values may be responsible. The 24-h cortisol excretion remained constant over 5 weeks in both studies.
Discussion
The plateau in endurance performance and the decrease in maximum performance (six of eight athletes) with competition incompetence for several months during the ITV study is probably attributable to an exhaustion or overtraining syndrome caused by an imbalance between training and recovery' 3. In the present lIV study, the lactate level remained constant, the adrenaline level showed only a discrete insignificant increase at the same exercise level, the heart rate decreased slightly (Figure 3) , and the insulin level showed no significant change (Tables 6 and 7) . Assessment of the dietary data also shows no convincing evidence of a severe glycogen deficiency ( in catecholamine levels is not only observed when the aerobic work capacity of the muscles is improved'0o-, but also when muscular strength is increased'7"8
The higher catecholamine level at the identical exercise rates, coupled with a lower heart rate on day 28 of the ITV study may indicate a reduced sensitivity to catecholamines in exhaustion, since the constancy of heart rate in the morning on waking contradicts a decisive increase in vagotonia. A marked decrease in sensitivity to catecholamines is thus found in experiments with long-term stimulation for hours with isoproterenol"9. We therefore hypothesize that excessive training volume coupled with a neglect of rest and relaxation leads to a loss of sensitivity to catecholamines as an expression of 'peripheral exhaustion'. This hypothesis is still to be confirmed. We view the more asal catecholamine elimination in the ITV study as an indicator of a decrease in intrinsic sympathetic activity, caused by hypothalamic dysfunctionr°as an equivalent of 'central fatigue' in exhausted athletes. The maximum plasma catecholamine response is, however, still unchanged or even elevated (Table 4) . A reduction in the maximum catecholamine response is assumed if overexertion continues for more than 4 weeks. In a further prospective study we recently confirmed our hypothesis, that exhaustion is accompanied by a profound decrease and recovery by an increase in the decreased basal catecholamine excretion ( Figure 4) . The clear decrease in basal catecholamine excretion and the behaviour of cortisol and testosterone in the present study do not confirm specifically the hypothesis of increased catabolism in overtrained athletes such as is assumed on the basis of the cortisol-testosterone ratio2'21.
The different behaviour of cortisol and aldosterone levels between the two studies is probably not important in diagnosing performance since these changes are too small to be reliably differentiated from inter-assay variance in cross-sectional studies. Also to be considered are the different baseline values of the two studies, which are also most likely due to inter-assay variability. The decrease in resting and exercise cortisol concentration following ITV (Table 6) does not indicate decreased cortisol metabolism, since the 24-h excretion of cortisol remains constant ( With the exception of the slight exercise-induced decrease in prolactin during the ITI study, no performance-differential diagnostic statements could be made for the other hormonal parameters examined. This is especially true for free testosterone. In intensive training phases, a decrease in basal free testosterone of about 10% can be expected2. This, however, is within the range of variation of the assay method. In the present study, the median value decreased by 10% following ITV but this change was not significant. A decrease of up to 40% of the total testosterone level following exhaustive endurance exercise has been described by various authorsI-27, but not as yet for free testosterone. On the morning after 15-km and 25-km runs, the basal levels of total testosterone were nearly back to baseline values25 but after a marathon race, the level remained reduced for 2-3 days25. However, it is unclear whether these results can be transferred to high-performance athletes.
Overall, it must be stated that only a possible and marginal differential diagnostic relevance was found in the parameters measured in these studies for plasma catecholamines, cortisol and aldosterone. In practice, these are probably only useful in longitudinal studies. However, the differences in basal catecholamine excretion appear somewhat clearer. Nevertheless even these results strictly apply only to the current study. To generalize further would require additional experimental studies and confirmation by other workers.
